Purpose: Pulmonary embolism (PE) is a potentially fatal cardiopulmonary disease; therefore, rapid risk stratification is necessary to make decisions of appropriate management strategies. The aim of this study was to assess various computed tomography (CT) findings in order to find new prognostic factors of adverse outcome and mortality.
Introduction
Pulmonary embolism (PE) is a potentially fatal cardiopulmonary disease with a mortality rate ranging from 5% to more than 30%, depending on the patient's haemodynamic status [1] [2] [3] [4] . Patients with PE may have different outcomes and therefore require varying intensities of clinical care. Consequently, risk assessment is necessary to make proper management strategy decisions [5] [6] [7] . Patients at high risk of adverse outcomes must be admitted to intensive care units and undergo thrombolytic treatment, whereas hospital discharge or home treatment might be options for patients with a low probability of adverse outcomes [8, 9] . Because PE may cause death after right ventricular failure and circulatory collapse, right ventricle (RV) dysfunction should be detected rapidly to identify patients who might benefit from fibrinolytic therapy [1] . Recently, computed tomography has enabled noninvasive PE diagnosis [10, 11] . Every year, many patients undergo pulmonary computed tomography (CT) angiography and receive ionising radiation; therefore, it would be prudent to investigate as many CT findings as possible to identify new predictors of adverse outcomes and mortality in these patients, to support better treatment and closer follow-up if needed. Some studies [7, [12] [13] [14] [15] have assessed the validity of CT scoring systems for pulmonary artery clot load, and others have reported RV dysfunction-related CT findings [16] [17] [18] [19] [20] [21] . However, few studies have investigated the relationships among all other CT angiography findings and patients' clinical outcomes. Therefore, we conducted a study in patients with PE to define the prognostic value of CT for adverse outcomes and mortality.
Material and methods

Study population
The local Ethics Committee approved our retrospective study. Informed consent was waived, and patients' data were reviewed from January 2015 to January 2017. The inclusion criteria were positive PE on CT angiography study and at least three months of post-diagnosis follow-up. The exclusion criteria were chronic pulmonary embolism, cardiogenic shock, and poor quality of CT images. In total 112 patients with PE were identified. We excluded six patients because of the poor quality of images and two patients because of cardiogenic shock; a total of 104 patients were enrolled in the study.
Clinical outcomes
According to the outcomes, patients were categorised into the following four groups: group 1 included patients who experienced adverse outcomes, defined as worse clinical conditions such as using vasopressors because of hypotension, respiratory failure, or mechanical ventilation [22, 23] ; group 2 included patients who died < 30 days after diagnosis of PE; group 3 included patients who died 30-90 days after diagnosis; and group 4 included patients who survived and did not experience any adverse outcomes, denoted as the OTHERS group. In our study, we considered a patient to have died of PE-related causes if (a) the autopsy report, death certificate, or medical records indicated PE as a cause of death or (b) shock was the leading cause of death in the absence of other cardiopulmonary diseases [24, 25] .
Covariate collection
Information about patients' characteristics and comorbidities were obtained from the medical records [26] .
The pulmonary embolism severity index (PESI) was retrospectively calculated by summing the following scores: patient age (years), male sex (10 points), cancer (30 points), heart failure (10 points), chronic lung disease (10 points), pulse rate ≥ 110/min (20 points), systolic blood pressure < 100 mm Hg (30 points), respiratory rate ≥ 30/min (20 points), temperature < 36°C (20 points), altered mental status (60 points), and arterial oxygen saturation < 90% (20 points).
Each patient's score corresponded to the following risk classes: ≤ 65, class I (very low risk); 66-85, class II (low risk); 86-105, class III (intermediate risk); 106-125, class IV (high risk); and > 125, class V (very high risk) [27] .
Computed tomography pulmonary angiography studies
Computed tomography pulmonary angiography (CTPA) examinations were conducted in the craniocaudal direction by 64-multislice CT scanners (Brilliance CT scanner, Philips Healthcare) at a teaching hospital. Images were obtained with a slice thickness of 0.9 mm, reconstructed at 0.5 mm slice intervals. Intravenous administration of 120 ml of iodinated contrast medium (Visipaque 320 mg) was performed at 5-6 ml/s, timed by bolus tracking at the main pulmonary artery. The CT criterion for PE diagnosis was nonocclusive thrombus (central filling defect outlined by the contrast agent) or occlusive thrombus in normal-sized or enlarged vessels [14] . A four-chambered heart view was used, as shown by Quiroz et al. [28] ; the maximum transverse diameters of the right and left ventricle were measured at the level of the mitral and tricuspid valve. The pulmonary trunk diameter was measured on a plane that showed the main pulmonary artery and its bifurcation, and the diameters of the right and left pulmonary artery (RPA and LPA) were measured at the same level [29] . The diameter of the aorta was determined at the middle third of the ascending part. The anteroposterior (AP) and transverse diameters of the superior vena cava (SVC) were determined at the level at which the azygos vein entered the SVC, and the AP and transverse diameters of the inferior vena cava (IVC) were measured at the level at which the IVC joined the right atrium. We measured the transverse diameter of the azygos vein at the location where it was facing the right tracheal wall and joined the SVC [30] . The following observations were also recorded: leftward interventricular septal bowing, pleural effusion, and pulmonary findings, including pulmonary infarction, sidedness of the thrombus and level of the thrombus in the pulmonary artery tree. A radiologist with six years of experience in reading thoracic CT scans reported the images, who was blinded to the clinical history [31] .
Degree of vascular obstruction
The pulmonary artery obstruction index (PAOI) was calculated by using the scoring system of Qanadli et al. [14] . We categorised PAOI scores into five classes: ≤ 8, class I; 8-16, class II; 16-24, class III; 24-32, class IV; and 32-40, class V.
Transthoracic echocardiographic evaluation
Transthoracic echocardiography, which was performed within 24 hours of PE diagnosis, was used for extracting information about pulmonary artery pressure [23, 32, 33] .
Three-month follow-up
All patient deaths up to three months after PE diagnosis were assessed by an independent committee that was given access to all patient data. The committee outlined whether a patient death should be due to PE or should be attributed to other causes [21] .
Statistical analysis
The Kolmogorov-Smirnov test was used for a normal distribution of continuous variables. Data with a normal distribution, such as PESI, were expressed as mean values with standard deviation. Parameters without normal distribution, such as age, were expressed as a median (firstthird inter-quartile range). Continuous data were compared with Anova or Kruskal-Wallis tests.
Chi-square test was used for comparing discrete variables. To assess the correlation between variables, Spearman's rho and Pearson's tests were used [34] . Cut-off values for variables to detect mortality, determined by receiver-operating characteristic (ROC) plots and areas under the curve, were calculated. We also calculated the threshold value for which sensitivity equalled specificity for measurements with an A z value significantly different from 0.5 [35] . Multiple logistic regression analyses were used to identify the predictors of adverse outcomes by using variables p-value < 0.05 in univariate analysis. All statistical analyses were performed in SPSS version 24, SPSS Inc., Chicago, IL, USA.
Results
We included 104 consecutive patients with PE in the study. Patients' demographic and clinical characteristics are shown in Table 1 . Sixteen patients experienced adverse outcomes. In three months, 15 deaths occurred. An independent adjudication committee concluded that all deaths could have been related to PE. Ten deaths occurred < 30 days after diagnosis, and five occurred between days 30 and 90.
The mean RV/left ventricle (LV) ratio was 1.11 (0.89-1.39), and the death within 30 days group had the highest ratio (1.44 [1.16-1.68]), followed by the adverse outcome group (1.2 [0.95-1.61]) (p = 0.024).
The frequency of right-sided pulmonary infarction was higher among the death within 30 days group (5 [50%]) and adverse outcome group (5 [31%]), and the lowest frequency was found in the OTHERS group (7 [9%]) (p = 0.005).
The mean IVC AP diameter was 24 mm (21-28), and the adverse outcome group (20 mm [18] [19] [20] [21] [22] [23] [24] ), death 30-90 days group (20 mm [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ), and death within 30 days group (23 mm [20] [21] [22] [23] [24] [25] [26] [27] [28] ) had higher scores than the OTHERS group (25 mm [22] [23] [24] [25] [26] [27] [28] ) (p = 0.017).
The azygos vein diameter was higher in the OTHERS group (10 mm [8] [9] [10] [11] ), with a p-value of 0.028. The OTHERS group had more subsegmental artery involvement (52 [71%]) than the adverse outcome (5 [31%]), death within 30 days (4 [40%]), and death within 30-90 days (1 [20%]) groups (p = 0.003).
For the correlations between each of these three parameters (PAOI/PAOI class, PESI/PESI class, RV/LV, RV/LV class) and other variables ( Table 2) , Pearson's correlation and Spearman's rho test were performed. The correlation coefficients were highest between RV/LV and PAOI/ PAOI class and were lower (but still significant) between the SVC transverse diameter and PAOI/PAOI class. We found a negative correlation between the LV short-axis and PAOI (-0.363) (p < 0.001) and a positive correlation between MPA diameter and PESI.
In assessing the correlation between the RV/LV and other variables, the analysis revealed a significant correlation between leftward ventricular septal bowing and the RV/LV ratio. Results showed a negative correlation between right sidedness of thrombus and the RV/LV ratio ( Table 2 ).
Predictors of outcomes at three months
Based on univariate logistic regression analysis, significant baseline predictors of adverse outcome were PESI (OR 1.01; 95% CI: 1.00-1.03; p = 0.031), IVC AP diameter (mm) (OD 1.08; 95% CI: 1-1.17; p = 0.050), and right sidedness of the thrombus (OR 4.68; 95% CI: 1.15-19.09; p = 0.031), and the RV/LV ratio was a predictor of death within 30 days (OR 9.2; 95% CI: 1.35-63.02; p = 0.023). The results showed that right-sided pulmonary infarction (OR 0.127; 95% CI: 0.03-0.535; p = 0.005), bilateral pulmonary infarction (OR 0.241; 95% CI: 0.06-0.976; p = 0.046), ischaemic heart disease (IHD) (OD 0.150; 95% CI: 0.036-0.624; p = 0.009), or heart failure (HF) (OR 0.135; 95% CI: 0.027-0.677; p = 0.015) were associated with a decreased risk of death within 30 days. Again, we found that a larger LV short-axis diameter (OR 0.089; 95% CI: 0.797-0.993; p = 0.038) was associated with a decreased risk of death in this period. IVC transverse diameter (mm) (OR 0.786; 95% CI: 0.630-0.981; p = 0.033) and chronic obstructive pulmonary disease (COPD) (OR 0.063; 95% CI: 0.008-0.491; p = 0.008) were predictors of mortality in 30-90 days, both of which showed a protective role against mortality in this period.
PAOI did not show a significant association with any groups (p > 0.05). Multivariable logistic regression analysis indicated that PESI (OR 1.01; 95% CI: 1.00-1.03; p = 0.046) and right sidedness of the thrombus in the pulmonary tree (OR 4.5; 95% CI: 1.01-19.96; p = 0.048) were predictors of adverse outcomes. Based on multiple logistic regression, the RV/LV ratio (OR 11.54; 95% CI: 1.16-114. 35 ; p = 0.037) was a strong predictor of death within 30 days. The results showed that a longer LV short axis (mm) (OR 0.813; 95% CI: 0.681-0.969; p = 0.021) or having right-sided pulmonary infarction (OR 0.111; 95% CI: 0.017-0.730; p = 0.022) was associated with a decreased risk of mortality within 30 days, and IVC transverse diameter (mm) (OR 749; 95% CI: 0.574-0.979; p = 0.034) and COPD (OR 0.041; 95% CI: 0.004-0.448; p = 0.009) were associated with decreased risk of death within 30-90 days ( Table 3) .
Measurable variables, such as pulmonary artery pressure (PAP), PESI, and main pulmonary artery (MPA) diameter, were tested for their ability to predict survival. A z was significantly higher than 0.5 for PESI (A z = 0.667), MPA diameter (A z = 0.663), LPA diameter (A z = 0.683), and aorta diameter (A z = 0.639) (p = 0.035, 0.039, 0.021, and 0.014, respectively). We also detected an A z value of 0.744 and p = 0.011 for the RV/LV ratio in the death within 30 days group (Table 4 ). For the factors which A z was significantly higher than 0.5, Table 4 lists the threshold values for which the sensitivity equalled the specificity.
Discussion
The study investigated the prognostic value of pulmonary CT angiography findings in patients with symptomatic PE. Below, we discuss our findings separately based on the variables that correlated with mortality or adverse outcomes. 
Main pulmonary artery diameter (mm)
Our study showed that the maximum MPA diameter (31.5 ± 4.1) in the adverse outcome group was significantly meaningful, a finding similar to the study performed by Ilker et al. [29] (31.3, 95% CI: 24.3-46.4) in patients who experienced adverse outcomes; however, their findings did not reach significance (p = 0.209). In another study done by Lyhne et al. [7] , increased diameter of the MPA (OR = 1.08 per 1 mm increase, p = 0.047) was associated with severe adverse outcome. Collomb et al. [16] found that patients with severe pulmonary embolism have larger central pulmonary artery diameters than those in other patients; we had similar findings. According to the study done by Beenen et al. [ Our findings indicate a strong positive correlation between MPA diameter and PESI, but we did not observe a relationship between MPA diameter and PAOI, a finding that has been previously reported [30] . ROC analysis indicated that when the MPA diameter was 29.9, the sensitivity was equal to the specificity (i.e. 62.5%) for discriminating between patients who did and did not experience adverse outcomes. A similar finding was observed in the previous study [18] , which found that MPA diameter could identify patients with right ventricular dysfunction, with a cut-off value of 29 mm. However, our study could not show the MPA diameter as predictive of mortality within 90 days, thus confirming the findings of a previous study [31] , which was unable to demonstrate that a PA diameter > 30 mm Hg is a predictor of mortality within 30 days or adverse outcomes.
Main pulmonary artery/aorta ratio
This ratio significantly differed among subgroups in our study; the death within 30 days group had the lowest range (0.8 ± 0.12), and the OTHERS group had the highest range (0.92 ± 0.14). These findings were similar to those from a previous study by Ilker et al. [29] , which demonstrated that an MPA/aorta ratio of 0.78 (0.48-0.87) in patients with mortality within 30 days was the lowest among the studied population, but, contrary to our findings, the results were not significant (p = 0.101). Our study did not demonstrate that the MPA/aorta ratio is a predictor of adverse outcomes or mortality, in accordance with findings from three other studies [21, 30, 31] in which the diameter of MPA and the MPA/aorta ratio were not found to be indicators of the mortality or severity of acute PE. We did not find any correlation between MPA/ aorta and PAOI, in agreement with Ghaye et al. [30] .
Right ventricle/left ventricle ratio
Patients with PE and pulmonary hypertension might have right ventricular enlargement, which can lead to elevated RV/LV ratios [23] . We found the highest ratio in adverse outcomes and death in the death within 30 days group, thereby supporting findings from previous studies [21, 36, 37] showing a correlation between the RV/LV ratio and MDCT and mortality. Our study showed a strong positive relationship between RV/LV and PAOI along with RV/LV and PESI; these findings are consistent with those from a previous study [38] that found a moderate to strong correlation between RV/LV and PAOI. ROC analysis indicated that an RV/LV ratio of 1.19 could successfully discriminate patients who die within 30 days from those who do not, with sensitivity equal to the specificity, at 80%; however, this cut-off point is different from those in previous studies. Quiroz et al. [39] set a cut-off point of 0.9, and George et al. [26] described a cut-off point of 1 for this purpose. Moreover, our study demonstrated that the RV/LV ratio is a strong predictor of mortality within 30 days, thus emphasising the benefit of calculating the RV/LV ratio in patients with acute PE for determining prognosis [38] . This finding has also been shown in previous studies [38, 40] .
Inferior vena cava diameter
Based on our findings, patients who experienced adverse outcomes or mortality within 90 days had the lowest IVC AP diameters, and the IVC transverse diameter had a weak positive correlation with PESI and the RV/LV ratio. Any increase in IVC transverse diameter was associated with a lower probability of death in 30-90 days. These results should be investigated in future larger trials.
Right-sided pulmonary infarction
Pulmonary infarction has been reported to be associated with a lower mortality rate [40, 41] . Similarly, our results showed that right-sided pulmonary infarction (RSPI) decreased the mortality within 30 days in patients with PE. In accordance with findings from previous studies [30, 31, 38] , we did not find that pulmonary infarction was a predictor of adverse outcome and mortality within 90 days.
Pulmonary embolism severity index
We found a moderate positive correlation between PESI and the RV/LV ratio. According to our findings with a cut-off point of 94.5, PESI successfully discriminated patients with and without adverse outcomes, with sensitivity equal to the specificity, at 68.8%. We showed that PESI could be used as a predictor of adverse outcomes, in agreement with the findings of Choi et al. [27] , in which PESI, NT-Pro BNP, and troponin were demonstrated to be prognostic factors of adverse outcomes.
Pulmonary artery obstruction index
We did not find any meaningful differences in PAOI among the groups, and our results indicate that PAOI cannot be used to predict mortality or adverse outcomes. However, our findings show a strong positive correlation between PAOI and the RV/LV ratio.
Aorta, right pulmonary artery, and left pulmonary artery diameter
Our results showed that RPA, LPA, and aorta diameter had strong, strong, and moderate positive correlations, respectively, with PESI. With the cut-off points of 20.5 mm for LPA diameter and 32.9 mm for aorta diameter, we were able to discriminate patients with and without adverse outcomes, with sensitivity equal to the specificity of 75%. According to previous studies [30] , the aorta diameter is higher in non-survivors than in survivors (36.1 ± 4.5); these findings were similar to ours, in which the aorta diameters in the adverse outcome group (35.4 ± 3.6) and the mortality within 30 days group (33.4 ± 3.9) were higher than those in the remaining groups.
Right ventricle and left ventricle diameter
PE, along with pulmonary hypertension, may cause right ventricular enlargement. Our study showed that the RV and LV short-axis diameters did not differ among groups. Oz et al. [29] have reported similar findings, in which the LV diameter was not found to differ among patients with and without adverse clinical outcomes, and among patients who did and did not die within 30 days; however, there was a difference in RV diameter between patients with and without adverse clinical outcomes (p = 0.001).
According to our analysis, RV diameter has a strong positive correlation with PAOI, similarly to the findings of a previous study [30] . Moreover, there was a moderate positive correlation between RV diameter and PESI. Our results showed that any increase in PAOI makes the LV diameter decrease, in accordance with findings from a previous study [30] reporting a robust negative correlation between LV diameter and PAOI.
Our study demonstrated that any decrease in LV diameter increases the probability of death within 30 days and, therefore, might be used as a predictor of mortality.
Superior vena cava transverse diameter
Our study showed a weak positive correlation between SVC transverse diameter and PAOI, similar to the findings of a previous study [30] that did not show such a relation.
We also found a moderate positive correlation between SVC transverse diameter and PESI and the RV/LV ratio. In our analysis, the differences in the diameter of SVC among subgroups were not significantly meaningful, but Ghaye et al. [30] demonstrated that mean SVC diameter in non-survivors is higher than that in survivors; also, Ghuysen et al. [28] found a significant correlation of SVC diameter with mortality.
Right sidedness of thrombus
According to our findings, there was a moderate negative correlation between right sidedness of the thrombus and the RV/LV ratio: right sidedness of the thrombus was correlated with a lower RV/LV ratio and was found to be a predictor of adverse outcomes.
Chronic obstructive pulmonary disease
We found that patients with COPD were less likely to die in the 30 to 90-day period, a new finding not reported in previous studies [23, 34, 42] .
Limitations
The present study also has some limitations. First, our PAOI (median 10.5, range 4-20) was relatively low. Second, the potential effects of PE-specific therapy on clinical outcomes were not considered. Third, the small group size (death < 30 days; death 30-90 days; adverse outcome) may bias the results.
Conclusions
Our study is the first attempting to find correlations between various CT findings and adverse outcomes or mortality within 90 days in four subgroups of patients with PE. We determined that RV/LV, LV diameter, and right-sided pulmonary infarction are predictors of mortality within 30 days, and IVC diameter and COPD have prognostic value in determining mortality in the 30 to 90-day period. We also found that PESI and right sidedness of the thrombus are predictors of adverse outcomes.
